Background--The relation between tea consumption and age-related changes in high-density lipoprotein cholesterol (HDL-C) concentrations remains unclear, and longitudinal human data are limited. The aim of current study was to examine the relation between tea intake and longitudinal change in HDL-C concentrations.
C ardiovascular disease (CVD) remains the leading cause of morbidity and mortality worldwide. In 2016, 17.6 million deaths were caused by CVD; the death from cardiovascular diseases increased by 14.5% from 2006 and 2016. 1 Previous epidemiological studies suggest that greater tea consumption is related to lower cardiovascular disease (CVD) risk 2, 3 ; 1 to 3 or more cups of green or black tea per day is associated with a 20% to 30% risk reduction in stroke and CVD. 3, 4 Produced from Camellia sinensis and rich in polyphenols and catechins, green and black tea were reported to exert a cardioprotective effect via antioxidation of proteins, DNAs, and lipids; antiproliferation of vascular smooth muscle cell; anti-inflammation in cardiovascular cells; and improvement in endothelial functions, blood pressure, 5 and lipid profile. 6 Clinical trials have reported that tea beverages lower total cholesterol (TC) and low-density lipoprotein cholesterol concentrations. [7] [8] [9] However, findings on the potential effects of tea on high-density lipoprotein cholesterol (HDL-C) are mixed. Some clinical trials reported a significant increase, [10] [11] [12] [13] whereas other trials reported null effects 14 on HDL-C concentrations. Of note, no clinical trials examined the potential dose-response effect of tea and were limited by the small sample sizes (10 to %200) and short intervention period (3 weeks to 3 months). The long-term effect of tea on HDL-C concentrations remains elucidated.
In this context, we hypothesized that tea consumption was associated with slower longitudinal decrease in HDL-C concentrations. We tested this hypothesis in a large community-based cohort including over 80 000 participants with 6-year follow-up. We also assessed the association between tea consumption and other lipid indices, including triglyceride (TG)/HDL-C ratio and TC/HDL-C ratio.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Population
The current study was based on the Kailuan Study (Chinese Clinical Trial Registry number: ChiCTR-TNRC-11001489), which is a prospective cohort study conducted in the Kailuan community in Tangshan city in China. Details of this study have been described previously. 15, 16 Briefly, in 2006, 101 510 subjects (81 110 men and 20 400 women, aged 18-98 years) were recruited and underwent a standardized questionnaire survey and physical examination and laboratory assessments. Subsequent biennial evaluations of the above measurement continued through 2012. A total of 90 299 participants were followed at least twice and were included in the current study. We further excluded participants who had myocardial infarction, stroke, or cancer diagnosed both at baseline and during follow-up (n=4, 932), reported to use lipid-lowering agents (n=1904) or had missing information on tea consumption at baseline (n=3197) or missing information on HDL-C reassessment during the follow-up (n=235), leaving 80 182 participants included in the final analysis ( Figure 1 ). The Ethics Committee of the Kailuan General Hospital approved this study. All participants provided written informed consent.
Assessment of Tea Consumption
Information on tea consumption was collected via a questionnaire. Participants were asked to report the average frequency and type of tea they consumed in the past 5 years. For frequency of tea consumption, 5 choices were provided in the questionnaire, including never, less than once/month, 1 to 3 times/month, 1 to 3 times/week, and ≥4 times/week. Types of tea consumed included black tea, green tea, and other types of tea such as herbal tea, flowering tea, and nonCamellia sinensis tea.
Assessment of Lipid Profiles
Overnight fasting (8-12 hours) venous blood samples were collected using vacuum tubes containing EDTA during each study visit and were then separated and stored at À80°C for subsequent analyses. As described previously, 15 plasma concentrations of TC and TG were measured using a colorimetric enzymatic method (Mind Bioengineering Co Ltd, Shanghai, China). The upper detectable limits were 20.7 and 11.3 mmol/L, respectively. HDL-C and low-density lipoprotein cholesterol were measured by the direct test method (Mind Bioengineering Co Ltd, Shanghai, China), and the upper detectable limits were 12.9 and 3.88 mmol/L, respectively. Less than 0.1% of measured values were above or below 5% of either limit. The interassay coefficients of variation for all measurements were <10%. All the plasma samples were analyzed using an auto-analyzer (Hitachi 747; Hitachi, Tokyo, Japan) at the central laboratory at Kailuan General Hospital.
Assessment of Covariates
We collected information on age; sex; socioeconomic data including education level, monthly income level, and occupation; lifestyle behaviors including smoking, alcohol consumption, physical activity, and salt consumption; and medical
Clinical Perspective
What Is New?
• To our knowledge, this is the first longitudinal cohort study to investigate the association between tea intake and timedependent change in high-density lipoprotein cholesterol concentrations among over 80 000 participants with 6-year follow-up.
What Are the Clinical Implications?
• Tea consumption was related to a slow decrease of highdensity lipoprotein cholesterol concentration during the follow-up.
• The potential impact of tea on high-density lipoprotein cholesterol change during the 6-year follow-up period could be associated with 8% lower cardiovascular disease risk.
• Further studies are warranted to replicate our finding.
history via a standardized questionnaire in 2006. Based on the physical and mental requirements of their tasks in their job and the working environment, we categorized the occupation type into "white collar," who primarily do mental work, sitting in an office; "coal miners," who do coal mining; and "other blue collar," who do mostly physical work but not mine coal, either under or out of the ground. Physical activity was evaluated by self-reported frequency of physical activity (20+ minutes per time) during leisure time, with response choices of never, sometimes, and 4+ times per week. According to participants' responses, they were classified as inactive, moderately active, and active, as detailed previously. 15, 16 Weight, height, waist circumference, and blood pressures were measured during the interview. Body mass index was calculated as weight (kg)/height (m 2 ). Blood pressure was measured twice, on the left arm with participants in the seated position after at least 5 minutes' rest, using a mercury sphygmomanometer. The average of the 2 readings was used for analysis. Hypertension was defined as having a systolic blood pressure ≥140 mm Hg or a diastolic blood pressure of ≥90 mm Hg, or self-report history of hypertension. Prehypertension was defined as systolic blood pressure of 120 to 139 mm Hg or a diastolic blood pressure of 80 to 90 mm Hg.
Other biochemical parameters including blood glucose concentration, plasma high-sensitivity C-reactive protein, and alanine aminotransferases were measured using the aforementioned auto-analyzer (Hitachi 747; Hitachi, Tokyo, Japan). Hyperglycemia was defined as fasting blood glucose of ≥7.0 mmol/L, or a self-report history of diagnosis; impaired fasting blood glucose was defined as fasting blood glucose of 5.6 to 6.9 mmol/L. Fatty liver was diagnosed based on ultrasonographic liver features according to established criteria and classified as none, mild, and severe.
17,18

Statistical Analysis
Statistical analyses were performed using SAS software, version 9.4 (SAS institute, Cary, NC). Confidence intervals were estimated at the 95% level and P values <0.05 were regarded as significant for 2-sided tests. Categorical data were presented as percentage, and continuous data were presented as mean AE standard error. Generalized estimating equation models were used to estimate the association between tea consumption and 6-year longitudinal changes in HDL-C and other lipid indices. Tea consumption was categorized into 4 groups: never or less than once/month, 1 to 3 times/month, 1 to 3 times/week, or ≥4 times/week. Types of tea consumed were grouped as "green tea," "black tea," and "other tea." For each type of tea, participants who did not drink any tea or did not drink the indicated tea type were grouped as "never or less than once/month." The group of never or less than once/month was treated as the reference group. We fit 3 multivariate models. In model 1, we adjusted for age and sex. In model 2, we further adjusted for the aforementioned covariates. In model 3, we adjusted for all the covariates in model 2 plus plasma concentrations of TG, TC, or low-density lipoprotein cholesterol when appropriate. Trends in mean differences in HDL-C change rate were tested for significance by treating the group number of tea consumption as an ordinal variable. For each model, we tested different working correlation structures including independent, exchangeable, autoregressive, and unstructured. We reported results based on the unstructured A total of 101, 510 participants were recruited at baseline between June, 2006 and October, 2007. Of all, 90, 299 were followed up at least twice. correlation structure because it requires minimum assumption. Robust standard errors were used for parameter estimates analysis. To identify the best-fitting model, we also considered the spline function of age and interactions between covariates. However, these did not improve the model fit materially and similar results were observed (data not shown). We therefore did not include those models in our results.
To test the robustness of the main findings, we conducted several sensitivity analyses. First, we conducted fully adjusted models among participants after excluding smokers, alcohol consumers, or those who were overweight/obese (body mass index >24 kg/m 2 ), 19 hypertensive, hyperglycemic, or who had high C-reactive protein (≥3 mg/L), or fatty liver because all these factors could affect HDL-C concentrations. Second, we used propensity score adjustment to balance potential confounders. 20 Propensity scores were derived from predicted probabilities of being in each tea consumption group estimated in logistic regression models that contained all the covariates listed in model 3. The generalized estimating equation models were stratified across fifths of the propensity score. We also adjusted the model using the inverse probability of treatment weight. We explored potential interactions between tea consumption and age, sex, smoking status, and alcohol intake, in relation to changes in HDL-C by adding multiplicative terms in the generalized estimating equation models. Because previous clinical studies suggested that the presence of metabolic symptoms could modify the relation between tea and lipid level, 7, 9 we also examined the potential interactions between tea consumption and metabolic syndrome and lifestyle score. Metabolic syndrome was defined as the presence of 3 or more of the following: (1) elevated waist circumference of ≥90 cm in men or ≥80 cm in women; (2) triglyceride ≥1.7 mmol/L or drug treatment for elevated triglyceride; (3) reduced HDL-C of <1.03 mmol/L in men or <1.3 mmol/L in women; (4) elevated blood pressure of ≥130 mm Hg systolic blood pressure or ≥85 mm Hg diastolic blood pressure, or using antihypertensive drug treatment; and (5) elevated fasting blood glucose of 5.6 mmol/L or drug treatment for elevated blood glucose. 21 The lifestyle score was created based on body mass index (scored 0, 1, and 2 for ≥28, 24-27, and <24 kg/m 2 , respectively), physical activity (scored 0, 1, and 2 for inactive, moderately active, and active, respectively), smoking status (scored 0, 1, and 2 for 1+ times/day, occasional, and never/past, respectively), alcohol consumption (scored 0, 1, and 2 for never and 2+ servings/day, past, and 0.1-1.9 servings/day, respectively), and salt intake (scored 0, 1, and 2 for <6 g/ day, 6 -12 g/day, and >12 g/day, respectively). 22 This lifestyle score was significantly associated with risk of diabetes mellitus in previous studies. 22 
Results
Compared with the never or less than once/month group, other tea consumption groups had a higher education level and higher income level; were more likely to be white collar, smokers, or drinkers; and were more physically active (Table 1) . Mean HDL-C concentration decreased during 6 years of follow-up. Frequent tea consumption was associated with a slower rate of decrease in HDL-C concentrations in an ageand sex-adjusted model (P-trend <0.0001) ( Table 2) . With further adjustment for other potential confounders, results did not materially change. The adjusted mean difference in HDL-C decrease rate was 0.010 (95% confidence interval, 0.008, 0.012) mmol/L per year, for tea consumers versus never or less than once/month. Consistently, significant improvement (lower rate of increase) in the TG/HDL-C ratio and TC/HDL-C ratio was observed in the most extreme tea consumption group (Table 2) . Sensitivity analyses excluding participants who were smokers, alcohol users, hyperglycemic, hypertensive, or obese, or who had fatty liver or elevated highsensitivity C-reactive protein, separately, generated similar results (Table S1 ). Using the propensity score did not change our results appreciably (Table S2) . When different types of tea (ie, green tea, black tea, and other tea) were examined, similar significant associations were observed. The effect of green tea (adjusted mean difference=0.014 for green tea consumers versus never or less than once/month) was stronger than black (adjusted mean difference=0.009) and other tea (adjusted mean difference=0.006) ( Table 3) .
There were significant interactions between tea consumption and age, sex, lifestyle scores, and presence of metabolic syndrome (all P-interaction <0.0001), in relation to the changes in HDL-C concentrations (Figure 2 ). Men, individuals aged ≥60, individuals with a lifestyle score of ≤5, or individuals with metabolic syndrome exhibited the strongest dose-response association between higher tea consumption and slower decrease in HDL-C concentrations.
Discussion
In this study, we observed that tea consumption was associated with slower aged-related decreases in HDL-C concentration and slower increases in the TG/HDL-C and TC/ HDL-C ratios. Previous clinical trials have reported that an increase in HDL-C concentration of 0.1 mmol/L was associated with a risk reduction in CVD of 13.3%. 23 In this study, we found that tea consumption was related to a slower decrease of %0.01 mmol/L per year in HDL-C concentration, which accumulated to 0.06 mmol/L during the 6-year follow-up period. This would be predicted to reduce CVD risk by 8%. Compared to the mean difference in HDL-C change rate , or ≥30), waist circumference (<85 or ≥85 cm for women, and <90 or ≥90 cm for men), C-reactive protein (<1, 1-2.9, or ≥3 mg/L), fatty liver (none, mild, or severe); model 3 adjusted all the variables in model 2, plus TG and LDL-C for change in HDL-C, plus TG for change in TC/HDL-C ratio, plus LDL-C for change in TG/HDL ratio. Generalized estimating equation models were used to model change rates and to test differences in change rates compared with the never or less than once/month group. HDL-C indicates high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; and TG, triglyceride. *All models adjusted age, sex (men or women), education (illiterate, middle, or college), income (<600, 600-1000, or >1000 RMB/month), occupation (white collar, coal miner, or other blue collar), physical activity (inactive, moderate, or active), smoking status (never, past, or current), alcohol drinking status (never, past, or current), blood glucose status (normoglycemia, impaired fasting blood glucose, or hyperglycemia), blood pressure status (normotensive, prehypertension, or hypertension), body mass index (in kg/m 2 ; <24, 24-27.9, 28-29.9, or ≥30), waist circumference (<85 or ≥85 cm for women, and <90 or ≥90 cm for men), C-reactive protein (<1, 1-2.9, or ≥3 mg/L), fatty liver (none, mild, or severe). Models were further adjusted for TG and LDL-C for change in HDL-C, for TG for change in TC/HDL-C ratio, for LDL-C for change in TG/HDL ratio. Generalized estimating equation models were used to model change rates and to test differences in change rates compared with the never or less than once/month group.
between moderate alcohol drinkers and nondrinkers observed in the same population, 15 the association between tea consumption and longitudinal change in HDL-C is modest.
Several observational studies have investigated the association between tea consumption and HDL-C concentrations. [24] [25] [26] [27] [28] The findings have been mixed. Some Figure 2 . Time-dependent decrease rate (95% confidence interval) in HDL-C concentrations (mmol/L per year) by tea consumption frequency in subgroups by age (A), sex (B), lifestyle score (C), and metabolic syndrome (D). Tea consumption was categorized into 4 groups: never or less than once/month, 1 to 3 times/month, 1 to 3 times/week, or ≥4 times/week. The model was adjusted for age, sex (men or women), education (illiterate, middle, or college), income (<600, 600-1000, or >1000 RMB/month), occupation (white collar, coal miner, or other blue collar), physical activity (inactive, moderate, or active), smoking status (never, past, or current), alcohol drinking status (never, past, or current), blood glucose status (normoglycemia, impaired fasting blood glucose, or hyperglycemia), blood pressure status (normotensive, prehypertension, or hypertension), body mass index (in kg/m 2 ; <24, 24-27.9, 28-29.9, or ≥30), waist circumference (<85 or ≥85 cm for women, and <90 or ≥90 cm for men), C-reactive protein (<1, 1-2.9, or ≥3 mg/L), fatty liver (none, mild, or severe), low-density lipoprotein cholesterol, and triglyceride. Generalized estimating equation models were used to model change rates and to test differences in change rates compared with the never or less than once/month group. Linear trends in HDL-C change rate across all the groups were tested for significance by treating the group number of tea consumption as ordinal variable. All P-interaction <0.01. studies have reported no association between green or black tea and HDL-C concentrations, [26] [27] [28] whereas others have reported a significant positive association between tea consumption and HDL-C concentration. 24, 25 Of note, those observational studies were cross-sectional study design, making it impossible to infer the temporal association between tea consumption and lipid profiles. Meta-analyses that have pooled clinical trials reported that there was no significant effect of green or black tea and HDL-C concentrations. [7] [8] [9] However, in the participants at highest cardiovascular disease risk, a nonsignificant trend was observed for a positive association between tea consumption and HDL-C concentrations, whereas no such trend was observed in the healthy participants. [7] [8] [9] Trials conducted in participants with chronic conditions including obesity, hypertension, or other metabolic symptoms and durations >12 weeks reported significant increases in HDL-C concentrations resulting from tea consumption. 11, 13, 29, 30 Consistent with those data, in the current study we examined the long-term effects of tea consumption on HDL-C concentrations and found a more pronounced association between higher tea consumption and slower decreases in HDL-C concentration over a 6-year period in individuals aged ≥60 years or at elevated risk of developing metabolic syndrome. This finding suggests that tea consumption could have important clinical implication in individuals at elevated risk for CVD. Because clinical trials targeting the use of pharmacotherapy to increase HDL-C concentration failed to show improvement on CVD outcome, it would be of interest to determine whether the effect of tea or other lifestyle intervention on HDL-C concentration would reduce CVD events.
We did not observe a clear dose-response relationship between tea consumption and HDL-C concentration changes in our primary analysis. This suggests an alternative interpretation: The observed association between tea consumption and HDL-C concentration changes could be confounded by healthy lifestyle, and tea consumption is a marker for healthier lifestyles. We thus created a lifestyle score based on several factors 22 and did subgroup analysis stratified by the score. We observed that tea consumption was associated with slower HDL-C decrease in both lifestyle groups. Interestingly, we observed a significant dose-response relationship between tea consumption and HDL-C change rate among those who scored lower on the lifestyle pattern scale. These findings suggest that healthy lifestyle does not fully explain the observed tea-HDL-C relationship. The more pronounced dose-response relationship between tea consumption and HDL-C change in participants with a less healthy lifestyle could be due to their strong relationship with metabolic disorders or a modest association between tea consumption and change in HDL-C concentrations. The presence of other healthy lifestyle factors, such as moderate alcohol consumption, physical activity, and nonsmoking, which have a stronger impact on HDL-C, could contribute significantly for a better HDL-C profile versus tea consumption. TG/HDL-C and TC/HDL-C ratios increased more slowly in individuals with greater tea consumption relative to never or less than once/month tea drinkers. Similar results were observed in some 12, 31 but not all previous studies. 30, 32 Total/ HDL cholesterol reflects the balance between the cholesterol carried by atherogenic and protective lipoproteins. 33 TG/HDL-C is a good atherogenic index of plasma and is inversely associated with low-density lipoprotein cholesterol size.
Lower ratio values are associated with more favorable for cardiovascular health. 34 This observation is consistent with previous findings that tea consumption was associated with lower CVD risk. 2, 3, 35 Consistent with findings from animal studies 36 and clinical studies, 8 we observed that green tea had a stronger effect than black tea on plasma HDL-C concentrations. It is thought that polyphenols in tea (eg, phenols and catechins) could account for its benefits in lipid metabolism via antioxidation and inhibition of lipid absorption. 6, 11, 37, 38 In vitro green tea has been reported to have %2.5 more antioxidant capacity than black tea. 39 Caffeine, a component in both green and black tea, has been found to be associated with higher HDL-C concentrations. 40 Because Chinese generally have lower coffee consumption, 41 tea is the major dietary contributor for caffeine. Relative to green or black tea, other teas appeared to have less effect on HDL-C in our study. This could be attributable to lower amounts of tea-related components (eg, catechins and caffeine) in these teas. Of note, in the current study, we did not collect data on the specific type of teas other than black and green.
Results from this study should be interpreted with caution because of several limitations. First, self-reported tea consumption could introduce misclassification. However, nondifferential misclassification of the exposure would attenuate the observed association between tea intake and change in HDL-C concentration. Preparation methods including the amount of the tea consumed each time, brewing time, and water temperature affect the polyphenol and caffeine content 42 and thus affect HDL-C concentrations. Furthermore, limited by the options provided in the questionnaire, we could not examine the effect of consuming tea more than once a day. However, because only 9% of participants consumed tea 4+ times/ week, the percentage of the population who consumed more than once per day should be very low. We did not collect household information; thus, we could not evaluate if individuals' tea consumption was clustered based on household. Although we controlled a wide range of potential confounders, some residual confounding might still exist. We did not collect coffee consumption information in the current study. However, coffee is not a popular beverage in the Chinese population 41 ; daily coffee consumption was 1.1% based on the 2011 China Health and Nutrition Survey. 41 Confounding caused by lack of information on coffee consumption should be modest in this context. Our study is also limited by lack of comprehensive dietary intake information such as fruits, vegetables, whole grains, nuts, or red and processed meat. However, in the primary analysis, we controlled some closely diet-related factors, including body mass index, salt intake, and alcohol intake, which could reduce the confounding caused by diet to some extent. Finally, the participants were all from the Kailuan community. They are not nationally representative of the Chinese population. Compared with the general Chinese adult population, they are older, and the proportion of men is higher. These factors may limit the generalizability of our findings. However, the results represent a large cohort of individuals living in China who have a wide range of tea intake and a low intake of coffee.
In conclusion, we observed that tea consumption was associated with a slower age-related decrease in blood HDL-C concentrations during a 6-year period. The data must be interpreted cautiously because the association is modest and might be confounded by other factors; however, over a long period of time, it could have a clinically significant impact on CVD risk. Future longitudinal studies from other populations with different socioeconomic backgrounds should be warranted to confirm the findings from the current study.
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